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Principal facts for 1747 gravity stations in southern 

Kansas and central Oklahoma

by S.L. Robbins, Courteney Williamson, and Meridee Jones-Cecil 

Introduction

This report contains principal facts, base station descriptions and station location plots for 1747 

gravity stations located in southern Kansas and central Oklahoma between 34* 30* and 39* north latitude and 

97* and 101* 30* west longitude (fig. 2). These data were collected and/or processed by the U.S. Geological 

Survey (USGS) as part of a study of the evolution of sedimentary basins (ESB) of the Anadarko basin. The 

data in this report are used in the following publications: a) Regional gravity of the Anadarko basin area 

and a more detailed look at the Wichita Frontal fault zone (Robbins and others, 1989), b) Complete 

Bouguer and isostatic residual gravity maps of the Anadarko basin, Wichita Mountains, and surrounding 

areas (Robbins and Keller, in press), and c) Bouguer and isostatic residual gravity anomaly and derivative 

maps of the Lawton area, southwestern Oklahoma (Jones-Cecil and Robbins, in press).

The data are presented in six tables in appendix C as outlined in table 1. Information pertaining to 

data sources, base stations used, gravity meters used, elevation control, and reduction problems are given in 

the next two sections. Base station descriptions are presented in appendix A, plots of station locations in 

appendix B, and a description of the data format for all the files on the diskette in appendix D.

Table 1. Summary of Gravity Data Contained in this Report

Principal facts Source of Approximate Coverage No. of 
Table No. data of data stations.

2 DMA, Univ. of South-central Oklahoma 27 
Texas, & Thomson 
(1986) stations 
reoccupied by USGS

3 M.C. Gilbert and Wichita Mtns, Oklahoma 87 
Ed Robinson

4 Univ. of Oklahoma Oklahoma 633 
Theses

5 USGS Southern Kansas 156

6 USGS 5 detailed profiles across 447
Meers Fault, Oklahoma

7 USGS South-central Oklahoma 397



All of the gravity data have been reduced to both complete Bouguer anomalies and isostatic residual 

anomalies for a crustal density of 2.67 g/cnA All observed gravity values have been adjusted to the 1971 

International Gravity Standardization Network (IGSN) datum (Morelli, 1974), and all data reductions used the 

Geodetic Reference System (GRS)-1967 formulas (International Association of Geodesy, 1971).

Data Collection

Table 2 lists principal facts of gravity stations that are in the U.S. Defense Mapping Agency (DMA) files, 

the University of Texas at El Paso files, and in Thomson (1986) and have subsequently been reoccupied by the 

USGS. The USGS values at these stations were used to readjust the rest of the data in each of the above files for 

compatibility in generating the gravity maps in Robbins and others (1989), Robbins and Keller (in press), and 

Jones-Cecil and Robbins (in press). The stations in table 2 were reoccupied while the stations in tables 5,6, and 7 

were being established Therefore, discussion of data collection under tables 5,6, and 7 also applies to this table.

Table3 lists principal facts of gravity stations established by M.C. Gilbert and Ed Robinson in February, 

1980. They used LaCoste and Romberg gravity meter no. G-S8. Elevations are given to the nearest foot but were 

apparently leveled in from nearby benchmarks. 21 of their stations (not included in this table) are at or near DMA or 

USGS stations so that it was easy to adjust their original data values to our datum.

Table 4 lists principal facts of gravity stations that were established as parts of University of Oklahoma 

masters theses by Barrett (1980; stations with prefix CB), Hayden (1985; stations with prefix hy), Santiago (1979; 

stations with prefix DS), and Thomson (1986; remaining stations at end of table). They used World-Wide gravity 

meter no. 1. Information about base stations used and elevation control can be found in their theses.

Tables 5.6. and 7 list principal facts of gravity stations established by the USGS in 1987,1988, and 1989. 

LaCoste and Romberg gravity meters nos. G-161 and G-614 were used. The stations listed in tables 2,6, and 7 are 

tied directly to base stations BLWPO and BLWTN (see appendix A). The stations in table 5 are tied directly to base 

stations BKSI, BKWLL, and KS110.

Gravity observations for stations listed in tables 2,5, and 7 were made at or near bench marks, spot 

elevations, or section corners with known elevations as shown on USGS 1:24,000-scale topographic maps. Map 

elevation contours are in 10 foot intervals. Maps published prior to the mid-1960's have spot elevations printed in 

two colors; brown and black. Elevation printed in brown (photogrammetric) are accurate to within ±0.25 times the 

contour interval, while black elevations (surveyed in) are accurate to within ±0.10 times the contour interval (± 1 ft). 

Maps published after the mid-1960's have only black elevations which are accurate to within ±0.25 times the 

contour interval. Bench marks are accurate to within ±.01 ft but are recorded here only to the nearest 0.1 ft.



Data Reduction

The observed gravity (O.G.) value for each station in this report is relative to the IGSN 1971 datum 

(Morelli, 1974). For the stations in tables 2,5,6, and 7, this was accomplished by direct ties to base stations that 

are tied directly to base station FEDL in Lakewood, Colorado (appendix A). The O.G. value of FEDL is based on 

direct ties to stations on the Mount Evans calibration loop where absolute O.G. values were determined directly by a 

special free-fall gravity meter. The O.G. values for stations in table 3 were adjusted by direct comparison with DMA 

and USGS stations at or near the same location (see Data Collection section). The O.G. values for stations in table 

4 were also adjusted by direct comparison with DMA file stations at or near the same location. With the table 4 

stations however, the adjustment was not a single value that could be added to the original values. Instead, a linear 

slope adjustment had to be made (fig. 1), because apparently an incorrect calibration value was used for the World- 

Wide meter in reducing the raw gravity readings.

Inner zone terrain effects or corrections (T.C.'s) were determined manually, using topographic maps and templates, 

out to a distance of 128 km from each station for stations OKI through OK172 in table 7, and all stations in table 

2. T.C.'s were manually determined out to a distance of 0.59 km for all of the other stations in this report except 

table 4. These T.C.'s, the O.G. values, the station locations (latitude and longitude), and the station elevations were 

entered into the computer program BOUGUER (Godson and Plouff, 1988). This program, using the GRS-1967 

formulas (International Association of Geodesy, 1971), the assumed average crustal density of 2.67 g/cm3, and 

digital terrain files to calculate T.C.'s out to a distance of 166.7 km, calculated the complete Bouguer anomaly 

(CBA) gravity values found in appendix C. For table 4, the computer program calculated the entire T.C. value from 

each station out to 166.7 km. Using a 3-minute digital terrain file, the calculated CBA value, an assumed depth of 

compensation of 30 km below sea level, an assumed crustal density of 2.67 g/cm^, and an assumed density contrast 

of the crust-mantle interface of 0.4 g/cm^, the isostatic residual anomaly (IRA) gravity values were calculated using 

the computer program AIRYROOT (Simpson and others, 1983) which is based on the Airy-Heiskanen isostatic 

model.



Original observed gravity values tor stations with prefixes CB and OS (milligals)

Original observed gravity values tor statios with prefix hy (milligals)

Figure 1. Plot of World-Wide gravity meter no. 1 calibration correction, above values at the original observed 

gravity (O.G.) values were added in and are now the O.G. values in table 4 for CB stations (Barren, 

1980), DS stations (Santiago, 1979), and hy stations (Hayden, 1985). Note difference in locations of 

values in the horizontal scales for the two correction curves.



All of the O.G. values in tables 2,3,5,6, and 7 are accurate to within ±0.05 mGal relative to their local 

base station. These base station values are accurate to within ±0.1 mGal of the Mount Evans values. The O.G. 

values in table 4 are probably accurate to ±0.2 mGal relative to their local base station. The T.C.'s are accurate to 

within ±10 percent of the calculated values which in this report could be a maximum error of ±0.15 mGal in the 

Wichita Mountains except for the station at the top of Mount Scott which could be ±0.96 mGal. If the elevation 

used for a station is in error by 3 ft (a possibility for spot elevations printed in brown), the error introduced into the 

CB A value, for LaCoste Romberg gravity meter occupied stations, would be 0.20 mGal. Therefore, the maximum 

error in a CB A value (except for Mount Scott and stations in table 4) would be ±0.50 mGal in this report. 

However, most errors are probably less than ±0.20 mGal. For the stations in table 4, the maximum possible error 

in CBA values is probably closer to 10.8 mGal with most errors being less than ±0.5 mGal.
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Appendix A. Base Station Descriptions

The following are descriptions of five gravity base stations to which all of the field stations in tables 2,3,5, 

6, and 7 are directly tied and to which the field stations in table 4 are indirectly tied. The observed gravity (O.G.) 

values at these base stations were determined from multiple ties to the USGS primary base station FEDL at the 

Denver Federal Center in Lakewood, Colorado. The O.G. value used at FEDL is 979,586.46 mGal which is relative 

to the IGSN 1971 datum (Morelli, 1974). The accuracies of the base stations listed here relative to FEDL are within 

±0.10 mGal.



GRAVITY BASE STATION * BKWLL

CITY Wellington STATE Kansas.

LATITUDE 37° 16.02' LONGITUDE 97 22.88'

ELEVATION 1,222.9 ft (372.74m)

OBSERVED 
GRAVITY 979,811.41 mGal SBA -43.29 mGal

LOCATION DESCRIPTION: Station ±s ±n Wellington , Kansas 

on the west side of Washington St. between 7th and 
8th Sts. The station is on the concrete walkway 1.6 ft 
below the U.S. Coast and Geodetic Survey benchmark 
"v237 1934" which is set vertically into the south 
wall of the old Memorial Auditorium, 24 inchs west 
of the southeast corner.

8th St

Old Memorial Auditorium

Gravity Station ®

7th St.



GRAVITY BASE STATION # KSiio
CITY Lyons

LATITUDE

ELEVATION

OBSERVED 
GRAVITY

38° 20.86'

1699.0

979,856.39

I STATE Kansas
i 
': LONGITUDE 98° 12.18'

ft. (517.86 m)

mGal SBA -64.41 mGal

LOCATION DESCRIPTION: Station is northeast of the County 
Courthouse on the southwest corner of East Main St. 
and East Avenue South. Station is on National Geodetic 
Survey benchmark "Lyons Reset 1973" which is in a 
concrete triangle walkway just southwest of a stone 
pedestal containing a gas torch.

East Main St.

.Gas

Gravity Station & Benchmark

Court House

torch

o
CO

(V 
UJ



GRAVITY BASE STATION BKS I

CITY Lakin STATE
Kansas

LATITUDE 37° 56.39' LONGITUDE 181° 15.22*

ELEVATION 3,00.1 ft (914.74m)

OBSERVED 
GRAVITY 979,681.1 raGal SBA -125.85 raGal

LOCATION DESCRIPTION: Station is in Lakin,.Kansas on 
the east side of the main road going south out of 
town. The station is next to and east of a USGS bench 
mark (3.5 inch iron pipe minus the top cap), and 
about 0.3 ft below top of pipe. The pipe is in the 
sidewalk about 145 ft north of the railroad tracks.

1
X

CO 
ID 
O

Benchmark Gravity Station

O

10



GRAVITY BASE STATION #
BLWPO

CITY Lawton- US Court House STATE Oklahoma

LATITUDE 36.18'
LONGITUDE

98 23.69'

ELEVATION 1,109.0 ft (338.02 m)

OBSERVED 
GRAVITY 979,622.83 MGal SBA -9.94 inGal

LOCATION DESCRIPTION: Station is at the Federal Building 
(U.S. Courthouse) in Lawton, Oklahoma. Station is 
on U.S. Coast and Geodetic Survey benchmark 
"y37 1934" which is at the north east corner of 5th 
street and E Avenue. A standard disk is set in cut 
stone basister at the southwest corner of the steps 
on the west side of the building, 8 ft west of the 
building wall and 20 in above the sidewalk.

W

Gravity Station & Benchmfl k

Federal Building

E Avenue

11



GRAVITY BASE STATION # BLWTN

CITY Lawton STATE Oklahoma

LATITUDE 34° 43.47' . LONGITUDE 98° 23.69 1

ELEVATION 1,150.5 ft (350.67 m)

979,621.78 mGal SBA -18.77 mGal

LOCATION DESCRIPTION: station is 8.6 miles north along 
the railroad from the train station in Lawton, 
Oklahoma. The station is o.2 ft below and next to 
State Survey benchmark disk "29B 34" which is set 
in the top of a concrete post. The post is 150 ft 
east of the old U.S. Highway 62 road on the south 
side of a section-line road. It is 30 ft south of 
the section-line road centerline and 30 ft west of 
the railroad tracks.

12



Appendix B. Station Plots

The following figures show the locations of all the gravity stations presented in this report. Figure B1 is a 

plot of the entire area at a scale of 1:2,900,000 and includes all of the stations. Figures B2, and B3 are of the same 

4* area in southwestern Oklahoma at a scale of 1:1,200,000. Figure B2 is a plot of stations in tables 2,6, and 7, 

and figure B3 is a plot of stations in table 3, along with Thomson's stations in table 4.
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Appendix C. Principal Facts of Gravity Data

Tables 2 through 7 in this appendix contain the principal facts for all 1747 gravity stations presented in this 

report. The following discussion is an explanation of the headings used in the tables.

STA. # - An alphanumeric combination of up to eight characters used for station identification. 

LAT. and LONG. - Values listed here are in degrees and minutes to the nearest hundredth of a minute. 

ELEV. - This column lists the station elevation in feet to the nearest tenth.

The remaining columns contain gravity values to the nearest hundredth of a milligal. These columns are:

OBS. GRAY. - Observed gravity relative to the 1971IGSN datum.

F.A.A. - Free air anomaly.

S.B.A. - Simple Bouguer anomaly for a crustal density of 2.67 g/cm3 .

T.C.C. - Total terrain correction done by hand and computer, out to a distance of 166.7 km. from each

station. 

C.B.A. - Complete Bouguer anomaly for a crustal density of 2.67 g/cm^. These values also include

curvature corrections. 

LR. A. - Isostatic residual anomaly using an Airy-Heiskanen model with a compensation depth of 30

km. below sea level, an assumed crustal density of 2.67 g/cm3, and a crust-mantle interface

density contrast of 0.4 g/cnA

17
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Appendix D. Description of Data Format Used for Files on Diskette

File 1. (OKREOC.ASC) Other gravity stations occupied by the 
U.S.G.S. in south-central Oklahoma.

File 2. (OKWMM.ASC) Gilbert and Robinson gravity data in the 
Wichita Mountains, Oklahoma.

File 3. (ANAMS.ASC) University of Oklahoma masters theses gravity 
data in Oklahoma.

File 4. (KS.ASC) U.S.G.S. gravity data in southern Kansas.

File 5. (MF.ASC) U.S.G.S. gravity data for five profiles across 
the Meers Fault, Oklahoma.

File 6. (OK.ASC) U.S.G.S. regional gravity data in south-central 
Oklahoma.

The 5 1/4 in., double sided, double density (360k bytes) diskette 
is in IBM format and contains the above six files in an ASCII format 
different from Appendix C. , The format is as follows:

Col 1-8 Station identification 
Col 9 -11 Latitude in degrees

Col 12 - 16 Latitude in decimal minutes to nearest hundreth 
Col 17 - 20 Longitude in degrees, positive west 
Col 21 - 25 Longitude in decimal minutes to nearest

hundreth
Col 26 - 33 Elevation in feet to nearest tenth 
Col 34 - 43 Observed gravity in milligals to nearest

hundreth. 
Col 44 - 50 Free air anomaly in milligals to nearest

hundreth. 
Col 51 - 58 Simple Bouguer anomaly in milligals to nearest

hundreth, reduction density of 2.67 g/cm 
Col 59 - 64 Total terrain correction in milligals to nearest

hundreth 
Col 65 - 72 Complete Bouguer anomaly in milligals to nearest

hundreth, reduction density of 2.67 g/cm 
Col 73 - 80 Isostatic residual anomaly in milligals to

nearest hundreth.

Diskette

80


